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A decade ago it  w a s  s t i l l  said t h a t  t h e  chemis t ry  o f  atomic 
carbon was the  f i r s t  page o f  t h e  book o f  o r g a n i c  chemis t ry ,  and 
tha t  tha t  page was b lank .  But even  i n  t h e  l a te  f o r t i e s  and e a r l y  
f i f t i e s  there  were already some markings on t h e  page .1  
s e n t  r a p i d  development of t h e  f i e l d  s t a r t e d  about  1 9 6 1  when i t  
was proposed t h a t  the  b a s i c  r e a c t i o n  mechanisms of  atomic 
carbon w i t h  hydrocarbons w a s  b y  i n s e r t i o n  i n t o  C-H and C-C 
b o n d s . 2 ~ 3  That b lank  f irst  page i s  now u i t e  w e l l  f i l l e d  i n  as 

The r e a s o n  tha t  t h e  s t u d y  of a tomic carbon came so la te  i s  

The pre- 

far as t h e  b a s i c  o u t l i n e s  are concerned. 1 

t ha t  t h i s  s p e c i e s  i s  so  r e a c t i v e  t h a t  it i s  d i f f i c u l t  t o  produce 
i n  c o n t r o l l e d  c o n d i t i o n s .  Now, however, a t  least f o u r  techniques  
have been used: 
from g r a p h i t e 6 , 7 , 8 ,  and laser f1ash .g  
been demonstrated but  w i l l  no t  be reviewed here. 

n u c l e a r  r e c o i l 4 ,  ph tochemis t ry5 ,  e v a p o r a t i o n  
Other methods have a l s o  

Nuclear Recoi l  Techniques 

Nuclear r e c o i l  was t h e  f irst  technique used and it has  
s u p p l i e d  the b u l k  and t h e  backbone of what w e  know a t  p r e s e n t  
of atomic carbon.4 
r e a c t i o n .  For i n s t a n c e  on s i m p l y  i r r a d i a t i n g  C'* w i t h  h igh  
energy gamma r a y s  (> 20 MeV) t h e  f o l l o w i n g  p r o c e s s  o c c u r s  

~ ' 2  i r  + C" + n 
The C l 1  a s  i n i t i a l l y  produced may possess  a very  l a r g e  amount 
of k i n e t i c  energy (- 100 kev) .  T h i s  is  l o s t  i n  s u c c e s s i v e  
c o l l i s i o n s .  When t h e  energy of t h e  atom f a l l s  i n t o  t h e  chemical 
energy range below 130 eV i t  may r e a c t  t o  combine. Label led  
molecules a r e  formed by t h i s  means and may be assayed  b y  
radiogaschromotoqraphy. 

C o n s i d e r a t i o n s  o f  atomic phys ics  r e q u i r e ,  and experiment  
confirms,  t h a t  as t h e  carbon atoms r e a c h  t h e  chemical  e n e r  v 
range  t h e  are i n  a low-lying e l e c t r o n i c  s ta te ,  e i t h e r  i n  %, 
ID or IZ.'a,b 

Radioac t ive  carbon i s  produced by  a n u c l e a r  

They may however r e a c t  w h i l e  t h e y  are s t i l l  "hot" ,  



1. e.  have excess  k i n e t i c  energy.  Th i s  i s  r a t h e r  an  advantage,  
however, s i n c e  one  m a y  c o n t r o l  t h e  energy of  r e a c t i o n  b y  t h e  
use  of modera tors .  I n  a system c o n t a i n i n g  a l a r g e  excess  of 
a r a r e  gas ,  e s s e n t i a l l y  a l l  r e a c t i o n s  occur  a f t e r  t h e  carbon 
atoms have bpen t h e r n a l i z e d .  

The n u c l e a r  ne thod  nay be used wi th  e i t h e r  C" o r  C". 
Hcwever t h e  h a l f - l i f e  of C 1 4  is s o  g r e a t  t h a t  prolonged 
i r r a d i a t i o n  i s  r e q u i r e d  be fo re  enough i s  produced. This has 
l e d  t o  s e r i o u s  d i f f i c u l t i e s  wi th  r a d i a t i o n  damage e f f e c t s .  
Most c u r r e n t l y  a c c e p t e d  d a t a  was ob ta ined  u s i n g  C " .  

Photochemical Techniques 
U.V. p h o t o l y s i s  can  be  used t o  produce atomic carbon,  

e. g .  wi th  carbon suboxide .  5 
c3oz + hV * CzO + CO 

* c + 2co 
Atomic carbon is produced only  i f  very  s h o r t  wave l e n g t h s  
(- 1500 A') a r e  used .  Th i s  type  of method has  been employed 
both  i n  t h e  gas  and s o l i d  phase.  It  i s  however s e v e r e l y  
r e s t r i c t e d  by t h e  t r anspa rency  of  t h e  medium t o  t h e  needed 
r a d i a t i o n .  For t h i s  r e a s o n  methane i s  t h e  only  a lkane  whose 
r e a c t i o n s  wi th  a tomic  carbon have been s t u d i e d  by t h e s e  means. 

Evapora t ion  Technioues 

evapora ted  from a hea ted  g r a p h i t e  rod6 ,  a carbon a r c 7 ,  o r  an  
exploding  f i l amen t8 .  The carbon vapor may be d e p o s i t e d  on a 
s u r f a c e  on which i t  i s  al lowed t o  r e a c t .  

Seve ra l  t e c h n i q u e s  have been developed i n  which carbon i s  

. This  t echn ique  t e n d s  t o  be r e s t r i c t e d  t o  t h e  s tudy  of  
r e a c t i o n s  of a tomic carbon on s o l i d  s u r f a c e s .  The i n t e r -  
p r e t a t i o n  of gas-phase r e a c t i o n s  would p r e s e n t  d i f f i c u l t i e s  
because of e x t e n s i v e  p y r o l y s i s  and p h o t o l y s i s  on t h e  evapora t ing  
body. 

Lzser  F l a s h  Tech?iaues 

technique  i n  which a l a s e r  i s  used.  A p u l s e  i s  focused  onto  
a carbor! s u r f a c e  f3rming a s n a l l  ho t  s p o t  from which carbon 
evapora t e s .  3 e a c t i o n s  wi th  a low-pressure g a s  can be s t u d i e d  
because the  hot  s p o t  is  so  m a l l  and s h o r t  l i v e d  t h a t  ex tens ive  
p y r o l y s i s  does  n o t  o c c u r .  

We have r e c e n t l y  developed9 a v a r i a n t  of t h e  evapora t ion  

While t h e  u s e  or" a lase- f l a s h  r e p r e s e n t s  an advantage i n  
t h a t  r e a c t i o z s  ir. t h e  gas  phase can be t r e a t e d  i t  s t i l l  s h a r e s  



w i t h  o t h e r  evapora t ion  t echn iques ,  t h e  d i sadvan tage  t h a t  a 
range  of carbon s p e c i e s  C I ,  C Z ,  C 3  e t c .  a r e  formed. 

Comparison o f  Techniques 
All t echn iques ,  though g e n e r a l l y  used under  d i f f e r e n t  

c o n d i t i o n s ,  t e n d  t o  g i v e  very  similiar r e s u l t s  in s o  fa r  as a 
comparison can  be made. However S k e l l  has  r e p o r t e d  appa ren t ly  
s i g n i f i c a n t  d i f f e r e n c e s  i n  h i s  evapora t ion  t echn iques ,  which 
Would t end  t o  i n d i c a t e  t h a t  s p e c i e s  of  lower energy are  involved? 

t In p a r t i c u l a r  a c e t y l e n e ,  a h igh  energy product  normally found 
when atomic carbon r e a c t s  w i th  hydrocarbons i s  conspicuous ly  
absent when t h e  p a r t i c u l a r  method i n  q u e s t i o n  i s  used.  T h i s  
appa ren t  d i s  repancy has not  y e t  been r e s o l v e d .  One p o s s i b l e  
explana t ion18 stems from the f a c t  tha t  i n  t h i s  t echn ique  a lone  
there 1s a n  a p p r e c i a b l e  d e l a y  between p roduc t ion  and r e a c t i o n  
of the  carbon atoms. Conceivably t h i s  might a l low complexlng 
of t h e  carbon atoms, r educ ing  t h e i r  r e a c t i v i t y ,  something t h a t  
commonly happens t o  a c t i v e  s p e c i e s  on  ag ing  i n  o r d i n a r y  vacumms. 
Such complexed s p e c i e s  could  a c t  as carbon atom donors ,  w i t h  
r e a c t i o n s  similar t o  bu t  less e n e r g e t i c  t h a n  those  of f ree  
carbon atoms. Indeed a t i m e  dependence of r e a c t i v i t y  i s  found 
I n  t h e s e  experiments7,  though t h i s  has been a t t r i b u t e d  t o  
decay o f  s p i n  s ta tes .  

S m a r y  of  F ind ings  
So much I s  now know‘of t h e  r e a c t i o n s  of  a tomic carbon t h a t  

it I s  imposs ib l e  t o  g i v e  a b r i e f  y e t  comprehensive review.  
Reac t ion  wi th  ino rgan ic  o x i d e l l ,  wi th  n i t r o g e n 1 1  and w i t h  

\ , hydrogena2 are reviewed e l sewhere .  With hydrocarbons t h e r e  a r e  
three p r i n c i p a l  modes of pr imary r e a c t i o n s .  
1) I n s e r t i o n  i n t o  a C-H bond 

1 
i 

\ 
e.g.  C l l  t CD3CH3 + DC”CDzCH3 + o t h e r  p roduc t s  

+ 
DC” 1 CD 

1 
As expec ted  the  a c e t y l e n e  formed i n  such r e a c t i o n  w i t h  C D i C H i  
I s  e l t  er C”D 5 CD or C”H : CH wi th  l i t t l e  C”D 5 CH be ing  
formed Ca . 

\ 2 )  I n s e r t i o n  i n t o  a C = C bond 
e .g .  C l ’  t CDz = CHz + C D Z  = C 1 ’  = CHZjor o t h e r  products )  

As expec ted  t h e  a l l e n e  formed by t h i s  r e a c t i o n  i s  C”  ce  t e r  
l a b e l e d  and h a s  t h e  hydrogen i s o t o p e  d i s t r i b u t i o n  shown.Ca 
3 )  Abs t rac t lon  t o  form CHz 

C” + RH + C ’ I H z  
P r i m a r y  modes 1) and 2 )  y i e l d  and in t e r rned ia t e  adduct  

which i s  h igh ly  e x c i t e d  due t o  t h e  energy re leased .  in forming 



the  new bonds. The f u r t h e r  f a t e  of  such complexes depends 
on t h e i r  s p i n  s t a t e s  and on how r a p i d l y  energy i s  moved by 
c o l l i s i o n a l  d e a c t i v a t i o n .  This  t p i c  i s  w e l l  understood and 
Is f u l l y  d i s c u s s e d  e l sewhere .  1 3  3 

I n s e r t i o n  i n  C-C and C-F bonds has not  been observed.  
I n s t e a d  i n  p e r f l u o r o c a r b o n s  t h e  dominant r e a c t i o n  appears  t o  
be a b s t r a c t i o n  t o  form C-F, f luoromethyne.9 The probable  
e x p l a n a t i o n  f o r  t h i s  p a t t e r n  of pr imary i n s e r t i o n  w i l l  be 
d i s c u s s e d .  
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